Background In recent years, surgical treatment of symptomatic femoroacetabular impingement (FAI) has been increasingly performed using arthroscopy. Bony pathomorphologies and damage to the labrum as well as cartilage defects can be addressed with comparable results to open surgery with overall less surgery-related complications. Despite the increasing importance of hip arthroscopy, however, reports on midterm clinical and radiographic outcomes and comparison to open surgical hip dislocation are scarce.
Questions/purposes (1) What are the clinical and radiographic outcomes at a mean 7-year followup; (2) what is the cumulative 7-year survivorship, using the endpoints of THA, progression of osteoarthritis according to Tönnis, or poor clinical outcome with a Merle d'Aubigné score of less than 15 points, of hips with symptomatic FAI treated arthroscopically; and (3) what factors were associated with revision surgery? Methods Between 2003 and 2008 we performed a total of 62 arthroscopic procedures (60 patients) for FAI. For the same indication, we also performed 571 surgical hip dislocations during that time. Standardized treatment was femoral offset correction, acetabular rim trimming, or both and treatment of labral or chondral defects. An arthroscopic approach was generally used if the pathomorphology was located in the anterosuperior quadrant of the hip and was gradually used for more complex cases. We excluded 10 hips (10 patients) in which the standardized treatment was not achieved and no offset correction or acetabular rim trimming was performed. Of the remaining 52 hips (50 patients), 39 hips underwent isolated femoral offset correction, four hips isolated acetabular rim trimming, and nine hips both procedures. At a mean followup of 7 years (range, 5-11 years), the Merle d'Aubigné clinical score was obtained and plain radiographs were examined (Tönnis grade, heterotopic ossification, lateral center-edge [LCE] angle, acetabular index [AI], extrusion index, alpha angle, and pistol grip deformity). Cumulative survivorship was calculated according to Kaplan-Meier using conversion to THA, progression of osteoarthritis (one or more Tönnis grades), or poor clinical outcome (Merle d'Aubigné score \ 15 points) as endpoints. Cox regression analysis was used to identify univariate factors associated with revision surgery.
Results At last followup we detected a significant but possibly not clinically relevant increase in Merle d'Aubigné scores from preoperative levels to latest followup (14 ± 1 versus 16 ± 2, mean difference 2 points with a 95% confidence interval [95% CI] À3 to 7, p\ 0.001). Six hips showed progression of osteoarthritis. Cumulative survivorship (hips free from conversion to THA, progression of osteoarthritis, or poor clinical outcome) of hips treated with hip arthroscopy for FAI at a mean followup of 7 years was 81% (95% CI, 68%-95%). Two patients (two hips, 4%) underwent THA at 7 and 9 years, respectively. An increased preoperative acetabular coverage (LCE angle, AI), increased offset in the superior portion of the femoral neck (pistol grip deformity), and a remaining pistol grip deformity postoperatively were associated with revision surgery. Any treatment of the labrum did not influence the outcome. Factors associated with failure could not be identified. Conclusions In this series of patients with arthroscopic treatment of symptomatic FAI, hip arthroscopy resulted in an intact hip without progression of osteoarthritis and with a Merle d'Aubigné score of C 15 points in 81% of patients at 7-year followup. Increased acetabular coverage and femoral pistol grip deformity were risk factors for revision surgery. Level of Evidence Level IV, therapeutic study.
Introduction
Femoroacetabular impingement (FAI) is recognized as a cause of hip pain as well as a potential factor in the development of degenerative arthritis of the hip [20, 21] . Surgical hip dislocation (SHD), initially described in the early 1990s [19] , allows an unrestricted visualization of the central and peripheral compartment, evaluation of ROM of the hip, and recognition of damage to the cartilage or labrum caused by an abutment of the femoral neck against the acetabular rim [2] . In addition, SHD provides wide access to the hip to treat bony pathomorphologies like cam deformity, acetabular overcoverage, or femoral malrotation as well as lesions of the cartilage and labrum [19] . There are, however, some disadvantages to treating FAI with SHD such as a relatively long rehabilitation as a result of the osteotomy of the greater trochanter, risk of intraarticular adhesions, trochanteric pain attributable to the screws, and a long scar lateral to the hip [41, 42] .
Because of these problems, arthroscopic techniques are a potentially attractive alternative, because no osteotomy of the greater trochanter and full dislocation of the hip has to be performed, with fewer complications related to surgery [15, 30] and faster rehabilitation [29] . However, hip arthroscopy has inherent limitations, including restricted access to the acetabulum and posterior aspects of the hip, the need to incorporate a difficult technique with a long learning curve, and risk of under-or overcorrection of FAI pathomorphology. Nevertheless, hip arthroscopy for treatment of FAI is increasingly used [11] and has become the primary treatment option in many centers performing hippreserving surgery. With adequate training, arthroscopic osseous correction [3, 6, 16] as well as treatment of labral and chondral damages [34, 37] in standard FAI affecting the anterior aspect of the joint can now be performed comparably to open surgery [27] . Most reports on clinical or radiographic results after arthroscopic treatment of FAI are however limited by short-term followup [12, 25] and thus the success or failure of these procedures over time is not known.
We therefore asked: (1) What are the clinical and radiographic outcomes at a mean 7-year followup; (2) what is the cumulative 7-year survivorship (hips free from conversion to THA, progression of osteoarthritis as increased by one or more points on Tönnis score, or poor clinical outcome as a Merle d'Aubigné score of \ 15 points) of hips with symptomatic FAI treated arthroscopically; and (3) what are factors associated with revision surgery?
Patients and Methods
Between 2003 and 2008 we evaluated more than 700 patients for FAI at our institution. Five hundred eight patients (571 hips) with symptomatic FAI were treated with SHD. Depending on the type of impingement, standardized treatment was femoral offset correction, acetabular rim trimming, and treatment of labral or chondral defects. During the same time, the potential for arthroscopic treatment of hip pathologies was evaluated. As a result of technical limitations, initial indications of hip arthroscopy were limited to the treatment of hip infections, adhesiolysis, labrum resection, or pure diagnostic procedures. With gaining experience, the correction of the offset at the femoral head-neck junction was performed followed by acetabular rim trimming and labrum débridement and reattachment. This resulted in a steady increase of arthroscopically performed FAI surgeries at our institution from 10% in 2003 to 35% in 2008. That group of patients represents the basis of the current study. Included were patients who had no previous surgery or trauma of the hip and were aged 16 years and older. This resulted in 60 patients (62 hips). Excluded were 10 patients (10 hips) in whom the treatment was purely symptomatic without offset correction on the femoral head-neck junction or acetabular rim trimming. Of those, seven patients had isolated labrum excision and three patients had isolated labrum débride-ment. Of the remaining 52 hips (50 patients, 89% female), 39 hips underwent head-neck offset correction, four hips acetabular rim trimming, and nine hips both interventions. In four hips the labrum was reattached, and in 16 hips the labrum was excised ( Table 1) .
The diagnosis of FAI was established based on the patient's history, clinical examination with a positive impingement sign [23] , review of conventional AP pelvis and cross-table lateral hip radiographs [31, 46] , and radial MR arthrography. Allocation of hips into cam-, pincer-, or mixed-type FAI was based on parameters on plain radiographs. An alpha angle exceeding 50° [33] and/or a pistol grip deformity [24] was defined as cam-type FAI. A lateral center-edge (LCE [48] ) angle of more than 33° [45] and/or acetabular index (AI [47] ) of less than 3° [45] was defined as pincer-type impingement. Hips with both cam-and pincer-type pathomorphology were defined as mixed-type FAI (Table 1) . During the study period, SHD was the gold standard for the treatment of FAI at our institution. Indications for arthroscopic management were based on a thorough evaluation of the radiographs and MR arthrography to define the size and location of the femoral and acetabular pathomorphology to determine if the necessary correction to achieve impingement-free ROM could be performed arthroscopically. As a result of the technical limitations at the time, hip arthroscopy was only performed in hips in which the pathology was located in the anterosuperior quadrant of the hip. Patients with excessive pincer impingement with protrusio of the femoral head, pronounced acetabular retroversion, cam-type FAI with the pathomorphology exceeding the retinacular vessels, or secondary FAI (residual hip dysplasia, Legg-Calvé-Perthes disease) were treated with open surgical procedures. Hips with advanced signs of arthritis (Tönnis [7] Grade II or higher or signs of advanced cartilage lesions in MR arthrography) were treated nonsurgically or with THA, depending on the severity of symptoms.
Hip arthroscopy was performed as previously described [6] . In summary, surgery was performed under general anesthesia on a traction table. Both the lateral and supine positions were used dependent on the operating surgeon. Most commonly, the anterolateral and midanterior portals were used with access to the central compartment first. The operative plan was established before surgery, but adaptions were made depending on intraoperative findings. On completion of the intervention, the foot was removed from the traction device and impingement-free ROM was tested. Postoperatively, the patients were immediately mobilized on a continuous passive motion machine. Full weightbearing of the operated hip was allowed with the use of two crutches for 2 weeks. Once discharged, the patients were instructed to mobilize the hip with the use of a stationary bicycle to prevent intraarticular adhesions.
Mean followup was 7 ± 1 years (range, 5-11 years). At last followup, patients were examined in a standardized manner by one orthopaedic resident (not a treating surgeon, PCH). Complete workup consisted of the patient's history (conversion to THA, revision surgery), written questionnaires to determine the Merle d'Aubigné clinical score [13] , and full goniometric ROM examination of the hip. For radiographic followup, conventional AP pelvis and cross-table lateral hip radiographs were assessed for signs of osteoarthritis (Tönnis grade), heterotopic ossifications (Brooker grade [5] ), LCE angle, AI, extrusion index [26] , crossover sign [36] , retroversion index [46] , alpha angle, and pistol grip deformity [44] . Analysis of the radiographic parameters was performed with the commercially available software Hip2Norm [49] .
Two patients (two hips, 4%) were lost to followup. Sixteen patients (17 hips, 33%) did not return for examination at our outpatient clinic, but agreed to complete the questionnaires. Of these patients, 12 patients (13 hips) declined clinical and radiographic examination because they felt well concerning their hip, one patient was not able to come to our outpatient clinic as a result of a decreased general condition not related to the hip, and three patients changed their treating orthopaedic surgeon. Except for a small difference in the proportion of patients with mixed- 
Results
Two patients (two hips, 4%) underwent THA at 7 and 9 years, respectively. In the remaining patients we detected a significant but possibly not clinically relevant increase in Merle d'Aubigné scores from preoperative levels to latest followup (14 ± 1 versus 16 ± 2, mean difference 2 with 95% confidence interval [CI], À3 to 7; p\ 0.001). Eightyseven percent of hips (45 of 52) showed good to excellent results (Merle d'Aubigné 15-18 points), whereas six hips (12%) had fair or poor results (7-13 points Merle d'Aubigné) ( Table 2) . Two of these patients had generalized chronic pain syndrome and one patient had depression and conversion disorder; two patients (two hips) did not return for followup examination and no detailed reason for their low scores could be identified. Six hips showed progression of osteoarthritis (Tönnis Grade 1 and 2) and six hips developed heterotopic ossifications (Brooker Grade 1 and 2) ( Table 3 ). Nine hips in nine patients (17%) underwent revision surgery. In two hips the offset was corrected, in one hip the acetabular rim trimmed, and in six hips both the offset and the rim were addressed. In three of these hips (6%) the labrum was reattached.
Cumulative survivorship free of THA, progression of osteoarthritis (one or more Tönnis grades), or poor clinical outcome (Merle d'Aubigné score of \ 15 points) of hips treated with hip arthroscopy for FAI at the mean followup of 7 years was 81% (95% CI, 68%-95%) (Fig. 1) .
Various univariate factors associated with revision surgery could be identified. (Table 4) . No factors associated with failure (THA, progression of osteoarthritis, and Merle d'Aubigné score \ 15 points) could be identified.
Discussion
The goal of surgical treatment of symptomatic FAI is to correct the anatomic abnormalities leading to symptoms and ideally to prevent the development of secondary osteoarthritis. Initially, SHD was the standard of care with generally promising mid-to long-term results [42] . There are, however, some surgery-related disadvantages such as long rehabilitation, the risk for postoperative intraarticular adhesions, or pain over the greater trochanter resulting from the screws [41, 42] . Arthroscopic treatment potentially overcomes these limitations and has become the treatment of choice for FAI in most centers performing hippreserving surgery. Nevertheless, most studies report on short-term followup with only a limited amount of patients. The aim of this study was to report on the 7-year followup of patients undergoing hip arthroscopy for treatment of symptomatic FAI with trimming of the head-neck junction and/or acetabular rim, including treatment of the labrum. This study has several limitations. First, there is a selection toward hips with cam-type impingement. During the study period, SHD was the standard treatment of FAI at our institution. Because we were well aware of the learning curve of hip arthroscopy, the operation was only performed arthroscopically if we felt confident that the necessary interventions to restore normal anatomy of the hip could be achieved. Initially, mainly the osseous bump in cam-type FAI was addressed. This selection of cases helped to avoid insufficient correction but led to the overrepresentation of isolated cam-type FAI in this series (75%). With advancing experience, also patients requiring acetabular rim trimming, labrum refixation, and cartilage regenerative procedures were increasingly treated using arthroscopy. Nevertheless, only 25% of all patients included in this study had either isolated or concomitant arthroscopic acetabular rim trimming. We note, therefore, that this is a highly selective group of patients, and results may not translate to a patient with a more complex presentation. Second, clinical scores were not routinely documented preoperatively. From the available data, only the Merle d'Aubigné score can be presented in a comparative way. We detected a statistically detectable increase in the score from preoperative levels to latest followup. However, the mean difference of 2 points may be at or below the level that the typical patient would perceive. The Merle d'Aubigné score was developed to quantify functional results after THA. Although this score is frequently used in literature on hip-preserving surgery, it might not be the most sensitive instrument for these typically young patients. Third, in addition to the two patients (4%) lost to followup, 16 patients (17 hips, 33%) did not undergo a full clinical and radiographic followup examination. However, they all completed and returned a detailed questionnaire to obtain clinical scores. None of these 16 patients underwent THA, but four patients had revision surgery. The majority (88%) showed good to excellent clinical results in the Merle d'Aubigné score (C 15 points). We cannot exclude that the answers given by the patients are as accurate as those obtained with a clinical examination and the study might overstate the benefit of the intervention. In addition, we cannot exclude that patients with good clinical scores had developed asymptomatic arthritis. Patients with a Merle d'Aubigné score of \ 15 points were defined as hips that reached an endpoint. Fourth, we could not identify factors associated with the endpoints conversion to THA, progression of osteoarthritis, or poor clinical outcome (Merle d'Aubigné score \ 15). We attribute this to the limited number of 52 hips included in the study and probably too heterogeneous preoperative parameters in the failure cases that led to a lack of statistical power. However, we could identify several univariate factors associated with revision surgery.
At last followup, the mean Merle d'Aubigné score had improved compared with presurgery scores, with 87% of patients showing good to excellent results. Although statistically detectable, the mean increase from 14 to 16 points might not be clinically significant. Compared with previously reported 5-to 10-year results for a group of patients treated for symptomatic FAI with surgical hip dislocation [42] , the patients in the current study had similar Merle d'Aubigné scores, albeit lower preoperative scores. After a better survival rate at 5 years (100% for hip arthroscopy versus 91% for SHD), the cumulative survival rate at 7-year followup using the endpoints conversion to THA, progression of osteoarthritis, or a Merle d'Aubigné score of \ 15 was 81% (95% CI, 68-65). The cumulative survival rate found in this study compares well with that after open surgery. At latest followup, 11 hips (21%) in our study reached an endpoint. Four percent were converted to THA compared with 7% in the SHD group at 5-year followup, 8% showed progression of joint degeneration (versus 7% 5 years after SHD), and 9% had a Merle d'Aubigné score \ 15 points (versus 1% at 5 years and 3% at 10 years after SHD) [42] . We did not observe any complications in our patient group. The revision rate of 17% might partially represent our learning curve and was mainly attributed to insufficient offset correction. Reports on revision rates after hip arthroscopy for FAI are scarce and range from 2% to 10% [8, 38] .
Previous reports on hip arthroscopy for FAI [9, 10, 18, 22, 27, 32, 35, 38] show similar results to this study. A direct comparison of failure rates (THA and revision surgery), however, is difficult, because most studies report on a short followup with a variety of clinical scores (Table 5 ). This is particularly true for conversion to THA, which in this study occurred at 7 and 9 years, respectively. This exceeds the followup time of the available literature. Six hips (12%) developed heterotopic ossification (Brooker Grade I and II) . This is well within the rate reported in the literature [1] and according to Daum et al. [14] , these grades are functionally irrelevant. No revision surgery had to be performed because of that reason.
Although we could not find predictors for failure as a result of a lack of statistical power, we could identify several univariate factors that led to revision surgery. Preoperative factors were associated with pincer impingement (high LCE, low AI) or pronounced lateral cam-type impingement (pistol grip deformity), which require a more complex arthroscopic surgical technique for sufficient treatment. Of the 27 hips with pincer-or mixed-type impingement, radiographic parameters could only be normalized in five cases by hip arthroscopy. Residual or unaddressed structural deformity of the hip is a strong predictor for failure after open hip-preserving surgery [40, 42, 43] . Similarly, Bogunovic et al. [4] showed that persisting impingement was the most common Values expressed as hazard ratio (95% confidence interval); BMI = body mass index; LCE = lateral center-edge; AI = acetabular index. cause of failed hip arthroscopy. Surprisingly, both labrum excision and labrum reattachment had no association with revision surgery. This is in contrast to the reported importance of labral refixation [17, 28, 39] . We attribute this fact to the relatively small number of cases in which we addressed the labrum and the consecutive lack of statistical power. In summary, hip arthroscopy for treatment of symptomatic FAI resulted in an intact hip without progressive osteoarthritis and with a good or better Mere d'Aubigné score in 81% of patients at 7 years. Factors associated with revision surgery were pincer-type impingement (increased preoperative LCE and AI) and preoperative or remaining postoperative pistol grip deformity. Treatment of the labrum had no influence on revision rate.
